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ABSTRACT

The purpose of the tests performed in the Chance Vought high-speed

wind tunnel was to obtain force data to evaluate the static stability character-

istics of the SLV-lB with 4-square-foot fins.

The model was instrumented with a six-component internal strain gage

balance and two base pressure probes to determine the forces on the model.

The model was then placed in the tunnel and tested in the Mach number range

of 0.6 through 5.0, and a Reynolds number range of 6 million/ft. to 20

million/ft. The model attitude was varied from -10 to + 10 degrees in the

pitch plane.

The results obtained were force and moment data in the body axes; these

results are presented in tabulated form with selected coefficients presented in

plotted form.
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This report has been reviewed and is approved.
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1. INTRODUCTION.

This report presents data obtained from test.s in the Chance Vought high-

speed wind tunnel on a 0. 098 scale model of the Standard Launch Vehicle

(SLV)-lB with 4-square-foot fins. The test was conductedduring the period

from 16 October through 20 October 1962. Results are presented in tabulated

form with selected coefficients presented in plotted form. A data analysis

presentation is also included in section 8.

The model consisted of the same basic parts as the Scout Derivative Model

(reference 1). The only changes were in the nose shape and the fin location.

Tests were run on the complete body and also on the second stage. Provisions

were included for the removal and adjustment of the fins. There were no fins

on the second stage.

2. SUMMARY.

a. General information.

High-speed wind tunnel test No ............... 89

Customer's test designation ...... ........... None

Test dates ......... ..................... 16-22 Oct 1962

Model ....................... ............ Standard Launch
Vehicle - 1B

Model scale ........... .................... 098

Test dynamic pressure ....... .............. 900-2500 psf

Mach numbers ....... ................... 0.6, 0.8, 1.0,
1.Z, 2.0, 3.0,
4.0, 5.0

Test Reynolds number ..................... 6 million/ft.
to 20 million/ft.
nominal

Test authorization ........ ................ Contract No.
AF 29(601)-5603

Occupancy hours ....... .................. 21 hrs. 9 min.

Number of runs ......... .................. 29

Customer representative ....... ............ D. E. Poucher

Wind tunnel test engineer ...... ............. C. E. Ziegler

1
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b. Test oblectives.

To determine the static stability characteristics of the model in the

Mach number range of 0.6 to 5.0.

3. NOMENCLATURE.

Forces and moments tending to produce a climbing right turn, clockwise

roll maneuver are positive. Directions assume the model to be at I = 0 and

the observer to be viewing upstream.

Coefficient data are presented in the body and stability axes.

PNT Data sequence number, (card number)

ALPHA Angle of attack in the pitch plane of degrees
the model, corrected for deflection,
positive nose up.

N CN Normal force coefficient, body axes normal force
N qS

PM Cm Pitching moment coefficient, body qitching moment
axes qSc

side force
Y Cy Side force coefficient, body axes s

YM C Yawing moment coefficient, body yawing moment
n axes qSb

RM C Rolling moment coefficient, body rolling moment
1 axes qSb

A CA Axial force coefficient corrected to CAU - CAB
the equivalent of free stream static
pressure acting on the base body axes

AU C AUAxial force coefficient as recorded axial force
AU uncorrected for base pressure effects qS

AB C Axial force coefficient due to base B S
pressure

L CL Lift force coefficient, stability lif force
axes

D CD Drag force coefficient corrected to drag1forc
the equivalent of free stream static qS

pressure acting on the base, stability
axes

2
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CP Center of pressure, positive upstream, C (c)
inches from sta 25. 5 for B 3 configura- C
tion and 14. 1 for B4 configuration N

TO Free stream stagnation temperature degrees Rankine

Po Free stream stagnation pressure psia

PS Free stream static pressure psia

Q q Free stream dynamic pressure psf, psi

M Free stream Mach number

RN/L Reynolds number per foot

S Reference area, sq. in. 7. 2576

c Reference length, in. 3.038

b Reference length, in. 3.038

SB Base pressure correction area, sq. in. 4.909 (B3

4. 909 (B 4 )

Body nomenclature

B Complete body less fins
3

B B less first stage
4 3

F2 Fins

AF Fin cant angle

4. DESC IPTION OF FACILITY.

The Chance Vought Corporation high-speed wind tunnel is an atmospheric-

exhaust, blow-down tunnel with a 4- by 4-foot test section size. The Mach

number range of the tunnel is from 0. 5 to 5.0. Air is stored in six tanks,

with a total volume of 28, 000 cubic feet, at a maximum pressure of 600 psia

and a nominal temperature of 100 degrees Fahrenheit.

The circuit utilizes both supersonic and transonic test sections, each 4 by 4
feet in cross section and slightly over 5 feet long. For supersonic operation

3
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a single-peak variable diffuser is placed downstream of the supersonic test

section. For transonic operation the variable diffuser is removed from the

circuit and replaced with a porous-wall, transonic-test section with 22 percent

wall porosity. The transonic plenum is pumped by ejector action of the main

tunnel airstream acting on controllable ejector flaps located downstream of

the test section. Adjustable choking flaps, also located downstream of the

test region, are utilized for subsonic Mach number adjustment. Figure 1

shows the general tunnel arrangement and identifies various areas within the

facility.

5. MODEL AND INSTRUMENTATIQN.

The model tested was a 0. 098 scale model of the Standard Launch Vehicle-lB

with 4-square-foot fins. The model consisted of two basic bodies and two tail

configurations. One body configuration was the second stage of the missile

and was approximately 25 inches long. The other body configuration was the

second stage with a first stage added to give it a total length of 49.09 inches.

The fins were the same as those used on the Scout Derivative model described

in reference 1. One set of fins had zero incidence angle and the other set had

3 degrees incidence angle to produce positive roll. Figures 2 and 3 show the

installation of the two body configurations in the tunnel. Figure 4 shows the

dimensions of the two bodies and the fins, and the orientation for each com-

ponent.

Model forces were measured by the VB-13 six-component internal strain

gage balance mounted on sting configuration number 1 with sting extension

CVS54377 (reference 2). Figures 5 and 6 show the general arrangement and

identify the sting sections. Two static pressure probes were located in the

cavity of the body to measure base pressure. Each probe was connected to a

separate pressure transducer to provide a backup system.

In addition to force balance and base pressure transducer outputs, tunnel

parameters were also recorded. These parameters consisted of angle of

attack, stagnation and static pressures, and stagnation temperature.

6. TEST PROCEDURES.

Preliminary preparations for the test included calibration of the VB-13

balance and the base pressure transducers. The sting and extension were

4
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SLV..1B Second Stag. B34 Coufiguratien

STA
22.491

SKETCH OF THE SLY-lB MOIDEL

STA STA

-1.901 
10.775 

S V l . C r t r t e

FiqW* 4. Dimensions of model.



STA

46.5o7

'5.O28" A

2.205

SLV-1B Fa Fins

Note: The fin with the 3 degree cant angle is
the same as the fin above except it is
aligned at a 3 degree angle with the
body axes.

3.010 DIA

STA
47.148



7. S. T. S.
82. 000 51.000

Sting Conf. Nc

T. S.
102. 281 Sting Extension No. 2

VB-13 Balance

SLV-lB Installation Ske

Figure S. SLy-lB Installation sketch.
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Test Section Ceiling

T. E. T. S.

10.[20 0

Sting Conf. No. 1

i No. 2

Test Section -loor

LV IB Installation Sketch
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T. S. T. S.
82.000 51.000

Sting Conf. No.

T. 0.
92.630 Sting Extension No. 2

VB-13 Balance

SLV-lB Second Stage Installb

Figure 6. SLV-lB Second stage installation sketch.
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also calibrated for load deflections. Following installation of the model in the

tunnel, additional load checks were made to ensure that the balance and data

systems were functioning properly.

For test runs the tunnel was started with the model at zero angle of attack.

When the flow was established the model was pitched to the maximum negative

angle of attack, then back through zero to the maximum positive angle of
attack, and returned to zero before the termination of the run. The angle of

attack range through which the model was pitched was from a negative 10

degrees to a positive 10 degrees.

The test was conducted in the Mach number range of 0.6 to 5. 0 and a

dynamic pressure range of 900 to 2, 500 psf.

Data cards were sampled before and after each run to obtain "wind on" and

"wind off" data. Tare cards were also sampled before each run to permit a

correction for model weight tare effects.

Data were sampled at the rate of 10 times per second for the body-alone

and second-stage configurations, and 5 times per second when the fins were

on the body. The data were digitized and recorded on magnetic tape. At the

conclusion of each run, data cards were punched from the tape. The data

cards were checked after each run to ensure satisfactory results. After the

cards were accepted, the model and/or Mach number was changed. On-the-
line data plotting was done by analog computer data reduction to parallel and

check digitized data.

7. DATA REDUCTION.

Static force data were reduced by digital computer to obtain nondimensional
force and moment coefficients about the body axes. A complete description

of the data reduction procedure is presented in reference 3.

All coefficients were corrected for model weight tares, and angle of attack
was corrected for sting and balance deflection. Axial force data are presented

in three coefficient forms: axial force corrected for base pressure (CA), axial

force uncorrected for base pressure (CAU), and axial force due to base pres-

sure (CAB).

13
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Pitching moment was referenced to station 25. 5 for the B 3 configurations

and to station 14. 1 for the B 4 configuration.

To present some means of determining data accuracies, static accuracies

of the VB-13 balance are presented. The tabulated accuracies were obtained

by computing a "root mean square" deviation between the applied and calcu-

lated loads over the maximum load range.

Results are as follows:

CoMnonent Load Coefficient

Normal force 0.74 lb. 0.0163

Side force 0.44 lb. 0.0097

Axialforce 0.35 lb. 0.0077

Rolling moment 0. 59 in-lb. 0. 0043

Pitching moment 0. 74 in-lb. 0.0054

Yawing moment 0.44 in-lb. 0.0032

8. DATA ANALYSIS.

The experimental data show that the vehicle's first-stage static margin is

approximately 15 inches less than originally estimated at Mach 3. 8, which,

for the nominal 760 trajectory, is the critical point. It appears that this is

due to the fin effectiveness which is considerably lower than estimated. The

vehicle's drag is higher transonically and lower supersonically than the

original estimates. Fin rolling moment characteristics are generally as

estimated except for lowered transonic effectiveness. At first-stage separ-

ation of the flight article, the nose cone and heat shield are Jettisoned, exposing

the payload. A model of this second stage was not available for these wind

tunnel tests. The second stage as referred to in these tests consists of the

vehicle forebody forward of body station 238. 5 and is not represeDtative of

the actual vehicle second stage. This configuration was tested in an attempt

to further define the body-alone center of pressure location and load distribu-

tion. The vehicle's second-stage static margin is more negative than estimated

while the drag is less than estimated.

14
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a. Wind tunnel tests,

The model tested was a 0. 098 scale version of the SLV-lB. Transonic

and supersonic tests were made on the first-stage configuration (with and

without fins) and supersonic tests were made on the second-stage configuration

to confirm the vehicle's estimated aerodynamic characteristics. The test runs

on the first stage with and without fins were made to dete.-mine the fin effec-

tiveness.

A standard six-component force balance was used to obtain normal

force, pitching moment, axial force and rolling moment (yaw and yawing

moments were negligible). The axial force (zero lift drag) data have been

corrected to zero base drag.

The center of pressure locations are determined using the pitching

moment and normal force derivatives; therefore, c.p. is directly effected by

errors in both of these derivatives. The normal force and pitching moment

errors are a function of several things; one of these being whether or not the

normal force vector acts between the balance strain gages. For total vehicle

tests, where the c. p. is well aft of the nose and between the balance strain

gages, the c.p. location can be determined with ±4 to 6 inches for the full-

scale vehicle. However, for body-alone tests, where the c.p. is close to

the nose of the vehicle and well outside of the balance strain gages this error

can be increased by as much as a factor of 6. For these reasons, the center

of pressure data for the body alone (and consequently the fin alone) from these

tests should be used with caution. The values of normal force are much less

sensitive to this effect than the computed values of center of pressure.

The test data for total vehicle CN S are below predicted values at
a

Mach numbers below Mach 4.0. The maximum variation is 18 % at Mach 0.6.

At Mach numbers from 3 to 5 the disagreement between predicted and measured

is within the usual accuracy of prediction methods.

The experimental body-alone data are greater than estimated super-

sonically and less than estimated transonically. Part of the disagreement

between experiment and prediction for the full first-stage configuration is due
to this fact.

15
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The CN S of the fin plus carryover was determined by subtraction of
a

body-alone CN S from total-vehicle CN S. Test data were consistently below
a a

the predicted values by 6 %0 to 27% with the greatest disagreement occurring

between Mach 2.0 to 3.0.

Test points produced a smooth curve with no unexpected variations in

the pitching moment derivative.

The test data have been corrected by using a calculated friction drag

and adding to that the pressure drag obtained from the wind tunnel and the

calculated drag for six explosive bolt fairings.

Corrected wind tunnel data for the total vehicle are higher subsonically

and transonically but lower supersonically than the estimates. The maximum

variations were a 20% increase over the estimated data at Mach 1. 0 and a 14%

decrease below the estimated data at Mach 5. 0.

Body-alone test data agree very well with the estimated data.

Zero lift fin drag, (CDOS)fin, was obtained by subtracting the CDOS of

the body alone from the CDOS of the total vehicle. The fin drag was under-

estimated subsonically and transonically and overestimated supersonically.

The c.p. variation for the total vehicle and body alone were computed

from experimentally determined C and C N avalues.

The test data (essentially rigid body) values of center of pressure for

the total vehicle have the same trend as the predictions but indicate that the

vehicle is less stable supersonically than estimated. The maximum decrease

in static margin is about 15 inches or 0.484 body diameter. The maximum

decrease in rigid body static margin occurred at Mach 3. 8 and dropped from

35 inches of static margin to 20 inches.

In view of the problems of measuring the body-alone center of pressure

no firm comments may be made concerning the disagreement between the

experimental and predicted values. Since the body alone data are also used

in determining the fin center of pressure the same caution must be taken when

evaluating or using the fin center of pressure data.

16
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Wind tunnel data and estimates for rolling moment coefficient are in

generally good agreement. Test data did not show the predicted sharp peak

transonically and are about 17% below the estimate in this region; for speeds

in excess of Mach 2. 0, test data are slightly higher. Supersonically the maxi-

mum difference between test and predicted values occurs at Mach S. 0 and is

about 9. 5%.

b. cd•s&•&.iagL

Second-stage aerodynamic data parameters were determined experi-

mentally from Mach Z. 0 to 5. 0. The experimental normal force data agree

very well with the predicted value at Mach 2. 0. However, as the velocity

increases, the test results show a gradual increase while the predicted value

is constant for speeds in excess of Mach 3.0. The difference between the two

values is a maximum of 25% at Mach 5. 0.

A negative static margin of 75 inches was predicted at the Mach number

for second-stage ignition; test data showed this negative static margin to be

about 100 inches. In the range from Mach 3.0 to M ach 5. 0, the maximum
difference between test and prediction occurred at Mach 3. 0 where the

experimental static margin was 17% greater than predicted.

The experimental drag was lower than estimated over the entire test

range. The maximum difference between predicted and measured drag

occurred at Mach 4. 0 where the test data were 14% below the predicted values.

9. CONCLUSIONS AND RECOMMENDATIONS.

The following conclusions may be derived from the wind tunnel tests on the

SLV-lB model.

a. Fi

The vehicle's normal force parameter is generally less than estimated

with the largest differences occurring at transonic speeds. This difference

arises partly from the body-alone characteristics and partly from the fin

characteristics.

The rigid body center of pressure is forward of the estimates, thus

resulting in a less stable rigid vehicle than estimated. This difference amounts

17
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to about 15 inches decrease in static margin at a Mach number of 3. 8. It

appears that the primary reason for this effect lies in a lower fin effectiveness

than estimated.

The test data show that the vehicle's zero lift drag parameter is less

supersonically and greater transonically than the estimated values. Differ-

ences between fin-measured and estimated drags essentially account for

these differences.

E stimated center of pressure variations due to the flexibility for the

nominal 760 trajectory, when added to test data, show the vehicle to be

unstable above Mach 3.0.

b. Second stae.•

Normal force and zero lift drag force parameter estimates differed from

test data by a maximum of 25 and 14% respectively between Mach 3.0 and 5.0.

The parameters were under- and over-estimated respectively and the differ-

ences increased with Mach number.

Test data gave values for center of pressure 25 inches forward of the

predicted location for an increase in the negative static margin of 33% at

Mach 3.0. The difference decreases as Mach number increases resulting in

a 15-inch difference at Mach 4.0.

18



TDR-6 3-21

APPENDIX I

HIGH-SPEED WIND TUNNEL RUN LOG
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HIGH SPEED WIND TUNNEL RUN LOG

RTn MAL• q R AIVE

lo. CM0!FPIOUAIN 10, PISFA DrES 0~~~ý mo e- omm.

1 B3  1.2 1440 +10 to -10 0 -

2 0

3 3 " " " ft
14 " 1.0 " " f

5 " .8 1300 " "f"

6 " .6 900 " " "

7 "t " " " 0

8 "8 1300 " "f"

9 " 1.0 11440 " " "

10 B3  " " "

11 " .8 1300 "

12" .6 900 " -

13 2.0 114"40

114" " " 0

15 " " " " "3

16 " 3.0 " " " "

17 " " " " " 0

18 B3  " " "

19 " 4.0 " "

20B " " " " 020 B 3F20

21 " " " "3

22 " 5.0 " t f f

23 " " " " " 0
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HIGH SPEED WIND TUNNEL RUN LOG (cont'd)

RUB MCtH Q m FAIME

No...NFuA.I.N NO". PIFA Dmr••., F com0Ws .

24 B3 5.0 144O +i0 to -o 0 -

25 BN

26 ".0 2500 -

27 3.0 N

28 " 2.0 " N " -

29 B3F2  .6 900 " 0 Rerm of 7

a'i
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APPENDIX II

ANALYSIS PLOTTED DATA
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Rm N* Cofe MPage Number"ThmNo. coia. 14 A• .• c/ i• c

12 B 0.6 -
. !3 0.8 -

10 " 1.0 -
1 " 1.2 -

13 " 2.0 - 35 39 43 47
18 " 3.0 -
19 " 4.0 -
24 5.0 -

8? 2  0.6 8
9 1.0
2 1,2

14 2.0 36 4o 44 48
17 " 3.0
20 " 4.0
23 " 5.0

6 BF 2  0.6 3
5 0.8
4 " 1.0
3 1.23 .20 " 37 41 45 49

15 " 2.0 s 4
16" 3.0
21 4.o
22 " 5.0

28 B4 2.0 -
27 3.0 - 38 42 46 50
26 " 4.o -
25 " 5.0 -
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